A t the dawning of a new millennium, at least onefifth of all people worldwide lack access to safe drinking water, according to a 1999 United Nations (UN) comprehensive assessment of world water resources, and more than one-half of all people lack access to adequate sanitation. These problems will almost certainly get much worse as the earths population grows from today's 6 billion to an expected 7.3-8.3 billion people by 2025, according to the UN Population Division. During the last century in particular, steps have been taken to develop the technology and social policy to address questions of access to potable water, adequate sanitation, and means of improving water quality. Improvements have been made, mainly in developed countries. However, problems continue even there, and the situation in developing countries is far worse.
In developed countries, including the United States, western European nations, and Japan, some drinking water supplies contain synthetic organic chemicals, lead, arsenic, and fecal wastes that carry dangerous bacteria, viruses, and parasites, potentially posing increased risks of cancer, infections, and birth defects. Polluted water can cause a variety of gastrointestinal illnesses, including dehydration from severe diarrhea or vomiting that can be fatal in children, the elderly, and people with weakened immune systems. Industries discharge wastes into rivers and streams or dispose of them in landfills, lagoons, and dumps, where the pollution can leak into shallow water tables connected to lakes and streams, and eventually into aquifers. In the United States, for example, fertilizers and pesticides spread on farms and lawns filter through the ground into the water table or wash into streams and lakes, which supply half of the nation's drinking water. In the early 1990s, an epidemic of cholera sickened 350,000 people throughout the continent, killing more than 3,600. Cholera was able to spread rapidly through South America once it took hold in the early 1990s largely because the bacterium moved from wastewater systems to drinking water supplies, Rose says.
Today, 17 cities in the developing world are considered megacities, with more than 10 Volume 108, Number 2, February 2000 * Environmental Health Perspectives A 70 million people. This explosive growth of densely populated cities with unsafe water, poor sanitation, and widespread poverty has established an ideal breeding ground for infectious diseases, according to the WHO. It is difficult and expensive to supply dean water and adequate sanitation to 10-20 million people living in a concentrated area, as it requires enormous investments in sewer construction, treatment plants, and personnel.
Even so, large cities in developing countries receive the overwhelming majority of public funds spent on improved water supplies and sanitation. "Governments and businesses in developing countries are located in the urban areas," says Ted Kuepper, project manager for Global Water, an international nonprofit organization that has helped establish deep wells for drinking water in countries such as Kenya, Laos, and Peru. "The political power is in the cities, and leaders don't expect to get anything back politically from rural areas, which have been incredibly neglected over the years [in terms of investments in clean water]," he says.
In many poor villages, people have to rely on the water that's easiest to reach through shallow groundwater wells, usually less than 10 feet deep, or mud holes used by both animals and humans. Even The environmental damage from the storms was widespread. Throughout eastern North Carolina, the unusually high amount of rain dropped by the storms caused massive flooding, knocking out electricity in at least 24 municipal sewage treatment plants and causing spills of raw sewage into coastal rivers, especially affecting the Tar, Neuse, and Cape Fear. According to Susan Massengale, spokesperson for the North Carolina Division of Water Quality, the storm caused five farm-waste lagoons to breach and hundreds of waste lagoons were filled to high levels with rainwater so that farmers had to pump huge volumes of diluted animal waste onto already-saturated sprayfields to keep lagoon dams from breaking or overtopping. "It could be that the largest source of contaminants was from pumping to maintain safety of the lagoons," says Joe Rudek, a senior scientist with the Environmental Defense Fund.
The stormwater from the three hurricanes mixed with raw sewage, junkyard waste, propane tanks, underground gasoline tanks, runaway oil drums, and sediments from farm fields. Stormwater included "anything you could imagine that could be uprooted or inundated or released during the flooding event," pouring down rivers into Pamlico Sound, the nation's second-largest estuary, says Hans Paerl, a marine scientist at the University of North Carolina at Chapel Hill.
The floodwaters polluted wells, broke water mains, and threatened water supplies with bacteria, viruses, and parasites, which can cause a variety of diarrheal illnesses. After Floyd, National Guard trucks and helicopters were needed to deliver clean water to several counties in eastern North Carolina. Meanwhile, the post-Floyd flooding was washing a huge pulse of freshwater into Pamlico Sound. Because freshwater is less dense than saltwater and floats on top, it created an "oil-and-vinegar effect," says Paerl. The freshwater on top also sealed off oxygen from the deeper brackish waters of the sound. As a result, two weeks after Floyd, Paerl found extremely low oxygen concentrations in the bottom waters of Pamlico Sound-1 milligram per liter compared with the normal 7 milligrams. The conditions in Pamlico Sound were reminiscent of conditions in the Gulf of Mexico after its "dead zone" doubled in 1993, due, some scientists believe, to fertilizer runoff after massive Midwestern floods that year.
Hurricane Irene, though, brought a surprising development. That storm stirred up the water column, recirculating fresh-and saltwater, "flipping the sound over," says Paerl. The combination of storms has caused a large-scale freshening of Pamlico Sound, decreasing its surface water salinity from about 20 parts per thousand to about 6 or 7 parts per thousand and changing the habitat of the sound for saltwater species.
But it could be next spring or summer, Paerl notes, before scientists can determine the longer-term effects of the 1999 hurricanes. Over the winter, scientists expect to see continuing freshwater flows from these storms and large loads of nutrients 
